INTRODUCTION
Wound healing, a biological process in the body, is achieved through four continuously overlapping phases: hemostasis, inflammation, proliferation, and remodeling [14, 15] . For a wound to heal successfully, all four phases should occur in a proper sequence with exact timing, and continue for a specific duration at optimal intensities [14, 15, 25] . Wound healing begins at the moment of injury and involves the interplay of many cell types, such as: neutrophils, macrophages, lymphocytes, keratinocytes, fibroblasts, endothelial cells, and adult stem cells. This process is regulated by several cytokines and chemokines and also includes extracellular matrix (ECM) depositions [15, 23, 27, 34] .
Interruptions, aberrancies, or prolongation of selected phases involved in wound repair can lead to healing impairment and/or to development of non-healing chronic wounds [15, 34] . Such wounds generally have failed to progress through the normal stages of healing and frequently enter a state of pathologic inflammation or lodge in the proliferative phase due to a postponed, incomplete, and/or uncoordinated inflammation and granulation tissue formation [11, 15, 33, 34] .
Multiple factors can cause impaired wound healing by affecting one or more phases of the process and in general
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42 may be categorized into local and systemic. The influences of these factors are not mutually exclusive [15] . Single or multiple factors can play a role in any of individual phases, contributing to the overall outcome of the healing process [15] . and anti-tumor chemotherapy, also frequently lead to impaired wound repair [15, 29] .
At present, it is widely accepted that aging is associated with delayed wound healing and that primary causative factor of this condition is not ageing alone, but a decline of estrogen circulating levels, as well as maintenance of circulating levels of testosterone and dihydrotestosterone.
H a r d m a n and A s h c r o f t [16] studies in the area of genetic human research have suggested that estrogen deprivation is the major factor controlling delayed healing in elderly humans. This study which wasconducted with the help of microarray techniques has shown that 78 % of genes that are differentially expressed during wound healing in the young and elderly men are estrogen-regulated, while only 3 % are age-associated, strongly implicating reduced estrogen, and not known geronto-genes, as the primary regulator of delayed healing in aged subjects. From this point of view, the sex steroid hormones (Table 1) 
OBESITY AND ESTROGEN DEFICIENCY IN WOUND HEALING
Obesity is a serious factor that negatively influence skin wound healing due to a relative hypoperfusion and ischemia that occurs in subcutaneous adipose tissue [1] . Estrogen is in some way implicated in the body metabolism because females with an absence of estrogen, lead to increased body weight gain [22] . Furthermore, in rodent studies, the systemic estrogen treatment of OVX mice has decreased the risk of gaining weight and body fat [36] . H o l c o m b et al. [18] showed that obesity in the absence of estrogen inhibited wound healing; however, obesity in the presence of ovarian hormones did not inhibited wound healing. Based on these data, it may be suggested that estrogen must have a direct regulatory role in wound repair, rather than only a protective action in developing obesity. On the other hand, in the same study, the authors have revealed that the lean phenotype is associated with improved wound healing regardless the estrogen status [18] . Implication of other research methods such as PCR, histopathology, and wound tensile strength measurement would probably better explain these tricky roles of estrogens in wound healing in the case of the lean phenotype. [20] . This is in contrast to other adrenal steroids such as glucocorticoids, in which serum levels remain relatively well-preserved with age [20] . However, adrenal DHEA production is very modest in rodents [31] . Despite this fact, rodents possess the necessary enzymatic machinery to convert exogenous DHEA to sex steroids [21] . Numerous animal studies have demonstrated several beneficial effects of DHEA administration in preventing obesity, diabetes, and heart disease, in enhancing the immune system, and even in prolonging the life-span [3]. Moreover, DHEA has been shown to inhibit breast cancer and to stimulate positive estrogenic actions, such as increased bone mineral density without predisposing to endometrial cancer [26] . Thus, the advantage of DHEA treatment compared to estrogen and androgens systemic replacement is that DHEA is only converted to its active metabolites in the specific target tissues where the appropriate enzymatic machinery does exist; thus, the adverse effects of systemic hormone treatments are eliminated [26] . In the context of skin wound healing, the systemic treatment with DHEA accelerates wound healing in young OVX female mice and old male mice [26] . Since the blockade of DHEA conversion to estrogen by aromatase inhibitor stopped wound healing improvement and the administration of androgen receptor antagonist did not, M i l l s et al. [26] have suggested that DHEA acts via its conversion to estrogen. Of note, DHEA has no observable effects in young animals. This may reflect an adequate level of circulating estrogens in young animals as well as that a supra-physiological local estrogen levels via DHEA conversion exert no effects on wound healing [26] . However, in study conducted on mice subjected to thermal injury, the subcutaneous administration of DHEA dramatically limit- Because studies using androgen ablation through castration or AR blockade provide no information on the specific androgen species influencing repair, G i l l i v e r et al. [12] subjected rats treated with the 5-a-reductase inhibitor MK-434, which blocks conversion of testosterone to dihydrotestosterone (DHT), to incisional wounding in parallel with castrated animals, in which systemic production of both DHT and testosterone is abolished. Since wound repair has been accelerated to a similar extent in castrated and MK-434-treated animals, it has been suggested that DHT, rather than testosterone, is responsible for the apparent inhibition of healing by androgens [12] .
SEX HORMONES AND CHRONIC WOUNDS
At present, the exact roles of sex steroid hormones in the development of chronic wounds remains unclear, but current evidence suggest on the one hand that being male is a risk factor for venous ulceration and on the other hand, that the use of HRT by elderly women reduces the risk of ulceration [24] . Moreover, G i l l i v e r et al. [12] recorded that circulating DHT levels have been shown to be significantly increased in a group of elderly male patients with venous ulcers compared with healthy age-matched control subjects. From this point of view it may be suggested that DHT have important roles in delayed cutaneous wound healing in males.
CONCLUSIONS
Cutaneous wound healing is influenced by many factors and the importance of sex steroid hormones is evident.
This fact supports, in addition to clinical observation and animal research, the localization of androgen and estrogen receptors in the skin [28] . In general, the hypoestrogenismus in female is associated with impaired wound healing and in male the maintenance of testosterone and DHT along with a decline of estrogen level is associated with impairment of skin repair [19] . Possibly this issue has led to experimental estrogen therapy also in males alone or with castration. Otherwise, the topical application of estrogen accelerates skin wound healing also in males [32] . Many studies, on the rodent model, have been done in the wound healing research for human requirements, but current data suggest that further work need to be performed to better understand the underlying gender-specific mechanism of wound healing. In the field of small animal veterinary medicine, the information about the effects of sex steroid hormones on the wound healing is lacking despite the fact that many young companion animals are castrated, even sometimes they are castrated during prepubertal age. Unfortunately, interest of the effects of castration is focused on cancer, obesity and incontinence occurrence, and hair coat quality rather than changes in skin properties, impaired wound healing and chronic wound occurrence. 
